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REMARKS 

Claims 1-5, 10-16 and 18-21 are pending. 

Claims 6-9 and 17 have been canceled without prejudice to filing the subject matter of 
these claims in a divisional application. 

Claim 12 has been amended to recite the subject matter of canceled claim 17, 

No new matter has been added by way of the above-amendment, 

Miura et al, U.S. Patent No. 6,248,512 

Claims 1-5, 10 and 11 are rejected under 35 U.S.C 102(e) and 103(a) as being 
unpatantable over Miura et al Applicants respectfully traverse these rejections. 

Applicants have reviewed the Examiner's comments in the outstanding Office Action and 
find that the Examiner has maintained this rejection based on a misunderstanding of the scope of 
the compounds encompassed by Formula (IV) of instant claim 1. It is Applicants' position that 
Miura et al. fail to teach or fairly suggest the compounds of Formula (IV) of instant claim L 
Furthermore, it is Applicants 1 position that the compounds of Miura et al do not satisfy the 
requirement of instant claim 1 that the compounds have a hydrogen bond formation rate constant 
K r of 20-4000. 

The Examiner alleges on page 3 of the outstanding Office Action that compounds A-29 
and A~36 of Miura et al. fall within the scope of Formula (IV) of instant claim 1, This is 
absolutely wrong. Compounds A-29 and A-36 are as follows: 
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A to 



The Examiner will note that Compounds A-29 and A-36 of Miura et al require that a 
halogen is bonded to the nitrogen in the amide group., 

This is in distinction to instant formula (IV), wherein the groups of R 41 and R 42 which 
bond to the nitrogen are not halogen. When R 43 is -N(R 44 )(R 45 ), R 44 and R 45 are not halogen. 
Thus, the structure of Miura et al is represented by -C(=0)-N-halogen whereas the structure of 
the formula (IV) is represented by -C(=0)-N-(alkyl, aryl or heterocyclic group). Accordingly, 
Compounds A-29 and A-36 are not encompassed by the present claims. 

Furthermore, Compounds A-29 and A-36 do not satisfy the requirement of instant claim 1 
that the compounds have a hydrogen bond formation rate constant Kf of 20-4000, This is 
explained in further detail below. 

The Examiner further alleges on page 3 of the outstanding Office Action that compounds 
B-l, B~2, B-3, B-5, B-9 to 12 of Miura et al, also fall within the scope of Claim 1 in the present 
application. This is also wrong. 

In addition, none of compounds B-l, B-2, B-3, B-5, B-9 to 12 nor compounds A-29 and 
A-36 satisfies the Kf condition of Claim 1. 
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Kf is the hydrogen bond formation rate constant and is used as an index of hydrogen 
bond formation, It is fully explained in RW, Taft et al, / Am. Chem. Soc^ 91, 4794-4800 
(1969), a copy of which is enclosed for the Examiner's review. (See the paragraph bridging 
pages 13 and 14 of the specification of the present application^ 

Kf is the equilibrium constant in a reaction where a hydrogen bond is formed between p~ 
FC6H4OH and a compound as follows: 



The Examiner will note that each of Compounds A-29, A-36, B-l, B-2, B-3, B-5, B-9 to 
12 of Miura et ah have an amide group, A hydrogen bond is generally formed between the 
oxygen atom of the carbonyl group in the amide and the hydrogen atom of the hydroxy group in 
p-FC 6 H 4 OK 

With respect to Compounds A-29 and A-36, both the amide groups are similar in that a 
bromine atom is bonded directly to the nitrogen atom. For example, the following hydrogen bond 
is formed between compound A-29 and p-FCsHUOH: 



The oxygen atom of the carbonyl group has an acceptability of the hydrogen atom which 
depends on electron density on the oxygen atom. Generally, the lone electron pair on the right 
nitrogen atom of the above amide group can be shifted toward the oxygen atom by a resonance 
effect. Please however note that a bromine atom is bonded to the nitrogen atom in compound A- 





F 
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29, It is well known in the art that a bromine atom withdraws electrons strongly. This results in 
the lone electron pair on the nitrogen atom in compound A-29 being strongly withdrawn to the 
bromine atom. The lone electron pair is not shifted toward the oxygen atom of the carbonyl 
group and therefore the oxygen atom has substantially no acceptability of the hydrogen atom. 
The case is the same as compound A-36. These facts are easily recognized by a person skilled in 
the art. 

With respect to Compounds B~l, B~2, B-3, B-5, B-9 to 12, the Examiner will note that 
each compound actually has two amide groups along with HBr and Br-Br. For example, 
Compound Bl would have the following configuration wherein HBr forms hydrogen bond with 
the amide group as follows: 



A hydrogen bond is formed between the oxygen atom of the carbonyl group and the 
hydrogen atom of HBr and therefore the oxygen atom has substantially no acceptability of the 
hydrogen atom of P-FC6H4OH. Compounds B~l, B~2, B-3, B~5, B~9 to 12 each has two amide 
groups in a molecule. One amide group forms a hydrogen bond with HBr and the other amide 
group forms a hydrogen bond with Br-Bn The oxygen atom of the other amide group also has 
substantially no acceptability of the hydrogen atom of P-FC6H4OH. The case is the same as 
compounds B-2, B-3 ? B-5, B-9 to 12. These facts are easily recognized by a person skilled in the 
art. 

Thus, compounds A-29, A-36, B-l s B-2, B-3, B-5, B-9 to 12 do not satisfy the Kf 
condition of Claim 1. 




F 
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Since Miura et al only disclose compounds (even generically) having the nitrogen 
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bonded to a halogen atom, Miura et aL do not anticipate nor render obvious the claimed 
invention. Thus, the claimed invention is patentable over Miura et aL and withdrawal of the 
rejection is respectfully requested. 



Bojora et aL U.S. Patent No. 3,667,959 and Miura et aL 

Claims 12-21 are rejected under 35 U.S.C 103(a) as being unpatentable over the 
combination of Bojora et aL U.S. Patent No, 3,667,959 and Miura et aL Applicants respectfully 
traverse the rejection. 

First, Bojora et aL and Miura et aL are silent of polyhalogenated compounds. No one 
skilled in the art would have been motivated to use the polyhalogenated compounds in a 
photothermographic material and would have predicted the advantageous effects caused by 
utilizing the polyhalogenated compounds before the claimed invention was made, 

The Examiner states in Item 5 of the official action that Bojora et aL disclose a 
photosensitive and thermosensitive element containing sulfonyl group including that claimed in 
the present claimed invention in a photothermographic material such as the preferred compound 
in column 3, lines 10, 30 and 65. Please note that Bojora et aL use the sulfonyl-containing 
compounds as an organic solvent. See Claim 1 and column 2, lines 42-53. The sulfonyl- 
containing compounds that can be used in Bojara et aL are compounds useful as an organic 
solvent. Accordingly, a person skilled in the art would only have been motivated to use the 
sulfonyl-containing compounds as an organic solvent. 

The object of the invention described in Bojora et aL is to provide improved maximum 
image densities and reduced exposure and processing time, i.e. acceleration of development. 
This is in distinction to the object of the claimed invention which is to provide a 
photothermographic material that can sufficiently suppress coloration of blank portions during 
storage in the dark after development (see page 1 , lines 3-5 of the specification)., Bojora et aL are 
silent on the suppression of coloration of blank portions during storage. The object of the 
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claimed invention is achieved by using the sulfonyl-containing compound of formula (III) in 
combination with the phenol compound in a photothermographic material, No one skilled in the 
art reading Bqjora et al. would have been motivated to use the sulfonyl-containing compound in 
order to improve the coloration of blank portions during storage. Also, no one skilled in the art 
would have predicted that use of the sulfonyl-containing compound improves the coloration of 
blank portions during storage before the claimed invention was made, 

In Example 1 of Bqjora et al., tetrahydrothiophene-1,1 -dioxide is used as a sulfonyl- 
containing organic solvent. The amount is rather small As is well known in the art, 
tetrahydrothiophene-1,1 -dioxide is easy to volatilize. As such, most of the added dioxide will 
volatilize off during a heat development and therefore little dioxide will remain in the 
photothermographic material after the heat development. Therefore, the photothermographic 
material of Bqjora et al cannot suppress coloration of blank portions during storage in the dark. 
This is in distinction to the claimed invention, wherein the sulfonyl-containing compound of 
formula (III) remains and functions well in the photothermographic material after the heat 
development. 

Also, Miura et al are silent of the use of sulfonyl-containing compounds to improve the 
coloration of blank portions during storage. As such, Miura et al do not compensate for the 
deficiencies of Bojora et al 

In view of the deficiencies in Bojora et al, and Miura et al, the claimed invention is thus 
patentable over Bojora et al and Miura et al and withdrawal of the rejection is respectfully 
requested. 

In view of the above amendment, applicant believes the pending application is in 
condition for allowance. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Garth M. Dahlen, Ph.D., Esq. (Reg. 
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No. 4.3,575) at the telephone number of the undersigned below, to conduct an interview in an 
effort to expedite prosecution in connection with the present application- 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to our Deposit Account No. 02-2448 for 
any additional fees required under 37 CJF..R. § 1.16 or under § 1.17; particularly, extension of 
time fees. 



Dated: April 9, 2007 Respectfully submitted, 




By (^dty^^ 

Marc S. Weiner r 

Registration No.: 32,1 81' d r 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 

81 10 Gatehouse Road 

Suite 100 East 

P.O. Box 747 

Falls Church, Virginia 22040-0747 
(70.3) 205-8000 
Attorney for Applicant 



Enclosed: R.W. Taft et al„ /. Am. Chem. Soc, 91, 4794-4800 (1969) 
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Studies of Hydrogen-Bonded Complex Formation with 
' pFIuorophenol. IV. The Fluorine Nuclear Magnetic 
Resonance Method 1 



# 5> 



B* Gurka and Rt W, Taft 

Contribution frmth* Department of Chzmistry f University of California, 
Mnt, California 92664, Received March 7,1969 



Abstract! Using 0.01 Afp*FCaH«OCKi as an internal jf«Xfer«wc standard k QCU, the shielding effects gf hydfo- 
gen-bonded complex formation of 0,01 M^FQjH*OH have beta evaluated quantitatively* Using this method end 
ratonco acid, the fbrmation constant, 2&, and limiting F nmr rtrifts, 4 for formation of thoXtl hydrogon*bonded 
eompbx have been obtained for 62 baees of widely different structures in CCU at 25°, Some additional formation 
constants have been bbt&ined in CCU at -20*. In general, the van't Hoff enthalpies of complex formation baaed 
upon & values at 25 a*id -20* are in satisfactory accord with the calarimatric valuos obtained in the companion 
collaborative study* A linear relationahip between corresponding values of log Kt and A to shown to apply with 
fien&rally good precision, except For bases of large Steele requirements. This enspirfcal relationship provides 
evidence that the potecttel energy change in the formation of the hydroaen-bouded complex Is approximately 
proportional to the standard free energy change- The F nmr A values are essentially independent of temperature 
In CCU and ato not increased in the pokr solvent, dCHiCHiCl, indicating the formation of only hydrogen-bonded 
compter (no appreciable contribution from the hydrogen-bonded ion pair, FCiHtQ^+HB}, The A values 
are interpreted as showing that a small extent of proton transfer (apparent proton transfer » 10^30%) occuw in 
the hydrogen-bonded compile* of p^QitinQH, It has been conclusively established that the aqueous pJft and 
the log JCf seelei of bm strength* for common fiinctloraL groups are unrelated- 



In this paper wo report results from a collaborative 
effort to obtain definitive hydrogen-bond param- 
eters. The reference acid, jHSuorophenol, was sa- 
leoted for study In hydrogen-bonded complex formation 
with general bases in very dilute oarhon tetrachloride 
solutions using three methods of investigation : fluorine 
nuclear magnetic resonance spectroscopy (F nmr), in* 
frared spectroscopy (ir), and caloritfictric determina- 
tions. Preliminary results of thia collaborative work 
have been communicated. M The F nmr method is do- 
scribed in detail and the results of its application to 62 
bases of widely varying structure axe reported hereto. 

Two major objectives have been explored. First, the 
applicability of the linear eleotronlo energy shielding 
(LSEB) relationship 4 to hydrogen-bond formation by 
p-FCjHiOH has been determined. Second, a detailed 
study haa been carried out of the effeots of molecular 
structure on base strength aa measured by the forma* 
tion constant of the 1:1 hydrogen-bonded complexes 
of j^FC«H<OH, The applicability and limitation* of 
liae&r free energy and other etructure-reactivity rela« 
tionships to hydrogen*honded oomplex formation have 
been determined* The results of this second major 
area of interest are reported in paper V of this series* 

A key Issue in the development of the F nmr method 
for the present woric waa the choice of a proper refer- 
enoe standard for evaluating the intramolecular 
screening effects of hydrogen-bonded complex forma- 
tion with ^-FCiH^OH. Precise formation constants, 

(1) Tbb work wa* aupporfcd in part by the Public Health Service, 
Project OM 14078. Wn gratefully Acknowledge tnii aappcrt and the 
support of tho National Selent* FDundfttTazv which mule available tho 
nmr speettomelcr to lira Cnemli try Department, 

#) E, M» Arnait, T, Si. S, E. Murty, P* vtm Z* Sch!*y#r, and L. Joro, 
J* Am, Chm* Soo* BP, 5935 {1967) J paper I oFifcrlei. 

(5) IX Owkfl, fc. W. Tart, L. loth, find vdk R, Schleyer, M t 89, 
5357 (1967); paper II of ii«icfc 

C4J ft, W, Tart md I, IX MfeKewr, lhtd» B7, 1W [M$U Sfc 4544 
<I9S(0 1 a B> GI*m nnd K» W> Taft, m t B? T 2397 1 W. 

(5) R. W, Tef!» D» Oarfcn, L, Jotli, P, von Sohto^ir, and h W, 
RikiSys, tbM, f 9t, 48DI (i9®) t 



Ku for the 1;1 complex of bajsa and ^PCeH^OH ob- 
tained by the ir method* were used to develop a defini- 
tive F nmr reference standard, We have found that up 
to base concentrations of 0.02 M, the effects of base on 
the shielding of 0.01 At />-FC*HiOH in CCii relative to 
an external reference are (within the experimental error 
of £0-02 ppm) due entirely to hydrogen-bonded com- 
plex formation. However, with bass concentrations 
above 0,02 Af, the shifts baaed upon the wtetnfil and the 
internal reference ($f Experimental Section) are mea- 
surably different. The shift relative to the external ref- 
erence is dua to contributions from H bonding and 
general F nmr medium effect*/' 8 Ideally, one would 
hope to And an internal reference having precisely the 
same F nmr medium effects (relative to external refer* 
eriae) as that of the j-fluorophenoL The F nmr shifts 
of p-fiuorophenol measured relative to auoh an internal 
reference at base concentrations much larger than Q<02 
Af would then also be quantitative measures of the H« 
bonding shift. 

The use of 0.01 M ^fluofoaalsoie as internal refer- 
ence accomplishes this objective* Previous studies 
showed that the internal fiuorobenzene standard nearly 
eliminate* intermoleaular F nmr medium effect* and 
provider the Intramolecular shielding effects of meta 
and para sttb&titue&te.* Since the intramolecular 
screening effects of the OCHs and OH suhstituents are 
very similar, p-fluoroanisole is the logical selection for 
an Internal reference which presents to the medium ap- 
F atom very nearly Identical with that of j?-fluorophenoI 
and Its hydrogen-bonded complexes. Since 0*01 M p* 
fluoroanlsole is not expected to give (and the F nmr 
shielding results do not indicate any) chemical com- 

(fl B, M* Anwtt L JerJo, B, NCtch^ESi T» S. S. R* rvturty. and P. wan 
K, Scjtleyer, cubmlitfid tot pubLIcsUont pap«r IH of series v 

(7) (*) X). P. Evani, /« rfim. $oc« 877 WW\ ft) W. Ollck and 
& Bhrctiipn, -P^r, Chnh 6>» WW (iF58). 

(0) W t Taft t B, Frica, L K. For, L a Lvwh li* Addaietfi 
and T, Devil, /. An. Chem. Stoc u B5, 70?, 1146 (1963), 
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'binatlons with &&y of the bases employed or with ,the 
!0.0l Af P'FCjHiOH, the use of this internal reference 
''provides fluastltative shifts which satisfy the hydrogen- 
complex formation equilibrium expression (tf. 
tq I following section) up to relatively high base con* 
centratioh&r 

Calorlmetric nod ir studies, by our collaborators 
show that ><FC B H|QH is negligibly selfottocUted ia, 
GCU solutions -at" the concentrations employed (^0,01 
M) in this study. 5 They also find that /j-fluoroanteole 
ta'R satisfactory reference for the determlpatiop of cat- 
orimctric heits orHydrdf^n-boncleil complex fbrm'ation 

4 Experimental Section 

Mafcwiak, Car ban tetrachloride md all liquid : ba£wj were 
dUtOIed from oaleium hyddde ImmodJatcly before use, Solid bam 
! w«re re WteUted iwo to three times until agreement with literature 
molting points waa obtained. ^Ftoorophenol was sublimed juit 
, beJTbr* and immediately transferred to purified carbon t*tr&* 
■ chloride, AH bww used were obuinod commercially except those 
. given bftlow, Sample* of triphenyjpho4phin9mlda h aiid p-nitro- 
J phenyl methyl sulfoxide- were obtained from Dr; J; R* Kakibyi find 
' Preftsacr K. Aiiderwsrt, respestiv&ly. ' N^Dirnethyltrifluoro* 
acctwnldft was prepared by thu procflrfura of Efod And Finger,' 
Di-f-butyl ether ws pwpurad by the procedure of Erickaoa and 
Axhtoa,'* Phenyl rowhyi lulfbxidB wis prepared by the procedure 
v of Leonard and Johnson," K,N-Dlraethy^idlrpbcewnifdft 
(ttp 95^7"; UU» 93-95°) and K^^thyl-osdilDraaeetamido 
g (bp # - :£l mm)) were prepifed by the tfcaotinrja jof j?»rtitrobenzoyl 
; cjjloridft end a-ohlareflcjiyl chloride, reapeptiycly, with diethyl- 
\ tthdise irt dry ether, ' ^ 

v M Appflr»ttte.''^Ii gftotn wnee obtained on a Vari&n HA-tfO 
, v s^tetwmeler^uIppedVUh * VSriui lo# computft of avow 
., transits (CAt) and NMtl specfcWti beurornwlwte decoupler, 
Model SDfiO-B, <Xift temperature #as tnajiitelped at either -20 
or ,25* ^^^(en^cratur^coiitrol^robpt ! , . • 

* | All measurements wefe'qmto ,wJtb ROlutlqai of purified car boil 
!;,tftlrachioride oqntiJning Otfl M^FC»H<Ort nnd'0,01 Af;*FCiHi< 
OGB* (the totarttil-'iarare^a). The ntur tubfl^Dntointtf ah in- 
serted capillary of 28 wt % i.l^tetrafluwcHW^Wnwhlow- 
j cyclobulana in CCl* « external reference^. Thariog protons were 
'.dfi^upled and about five CAT nap «were. emplQye'd fbr wh 
- 'TOrtioiT pokt. Tha CAT reoordir was calibrated 16 a#ea wJUi 
' 'arret readout within M cps, All spc&fcriL were hin at a svtap 
wWmof^OepiifldaswieptimdonoOflacr, ' * t. ■ 
' ♦ Far base wnsentratlon* up to tp, 0 A 02 M, the »a?ne F nmr ehlfja, 
^ f^sO.Oa ppm)> i? obtained \yith eiWaer the Jnteraal or external refc 
irincea., JPjfMOfttto 0.7 ff.taao oniy the {nfernul referenci givei 

Data Treatment ' 



^E^idlibriliin^KpreBd For tfis formatldii of a 1 : 1 
^'h^iiroged«bdhdatf' > cbmplex: "betwefin p-FCeHiOH 'and 
; general base, -B,-the following equilibrium expression 

' The formation "cori^Hnt/^u fi shown ia eq i where 

4 - W^[-tf , ^ l i/^}»--(^ii (i) 

I4r> initial (iotd} ^PC?iH 4 C>H 'concentration, JJ & « 
initial (total) base coneeniration, and S « the observed 
. t tiHiMVerkgd F xunr «hift in parti pe^ mililon : (ppm) for 
the equilibrium 5 riJfxture Tfilativo to that for 0»01 M 
^'p : FCiH 4 OH in CCU. Untete' otherwise specified tW 
^rerpno^ {jtanddrd is' internal 0.01 Af.^PCeHdOCHi. 

^i, !!. R T fittiet tad M. Finacr, V. Org. Chtm» « Jtf (t?J?), 
. , (10) L U B, Ertckeon and W. Abhtorti f t Am, CHm. So*, (S3, 176? 

fll) R I. Leonaxd tad C, R, Mason, tbfa, &4, 5701 

A. V.Kirxafiav, Z/r. ^£w„23, 223 <1MJ)| C/ifflt. i**^ 

4Bj 2533ff (IW), 
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A ^. the limiting F nmr Bhift'Cppm), /,e,, the shift, of the 
completely formed complex relative to unoompfoxed />- 
FCiH|OHi 

Validity of.rJEqtilllbdmn SKpress^on. Whep tha 
value of iff is biown ftom an independent detei'mina- 
tion ( the ir method, eq 1 may be rigorously con- 
• firmed by the demonstration that the values of A cal- 
culated for.aaclj,8 r valu0 are a precise constant^ U u in- 
dopEndent of jft. Alternatively, the observed and cal- 
culated values of S at each base concentration over the 
range of 30;8p% complex formation may be Bho.wn to 
tie in agreement (to witHln the combined experiinehtal 
errors), ba&ed upoa the^ use of the best yalue of A. 
Using the K ( values provided by the eqMoratiye work 
of Arnett r Musty, Sohleyer, andJoris^ thU condition 
was found to hold in every instance, Typical results 
are illustrated in Table h 



Table I Typical His of F Nmr "Titration Curve" to 
BiuUibrium Bq Ut 2S a in CQi 



10tf 0l M 



Xfppm 



Oiled 



1,126 
1.052 

1.052 
1.126 

um 

,126 



N»N-Dtoi6ihylfl*ctftinida» 



0.934 

0,934 

0,934 
■0,934 



0,752 

■ Jl-474 
1225 

2104* 1 



0.71 

1,25 

■1,65 
1.94 
1.96 
244 



fetjiyl Acetate* 
2^2 O^0 
4,20 015? 
3,40 ' ' '0.9P 
W,59 I.0B 

,2l,C .,.'1,33 



OJ0 
1,25 

IM 
\M 
L93 
L93 
2,13 



Q,40 
0,59 
OL'90 
1,09 
1,22 
1 Jl 



* K f - 242 =b 6; A » dpro, • Ki - 12,0 =fc 02; A - US 

In view df its ^idely demonstrated applicability, eq 1 
may f also 4 be accepted a$ vklid for + thoae bases for which 
an independent -SI valud is not available. The avaba- 
tion bf the Kt and A yalue for these bases from S values 
otjperved'oyer a range of 30-BD jj complex formation is 
described subsequently. 1 ' 1 * f 

Validiiy of the Ihteriml Reference; Identical shifts 
were observeH up to 0:02 M concentrations of all bases 
with either t th« externa.! reference or internal referenced 
Coniequenfly, tha demonstration of the validity of eq 1 
' with strong base) at concentrations leia than 0,02 M 
ahowe rigorously that the shifW ttktlve sio external ref- 
erence kre due entirely to hydrogeii-bondcSd complex* 
form'ation (no F nmr medium effects). The data for N r 
N-diMthykcetamfdo in Table I are typical.' Table II 
Usta additional reaulte for isfrwig bases for which eq I 
holds at bise 1 concentrati^fiff leas than 0,02 AT. Th<& 
precisian of eq i is demonstrated by the precision of the 
A value' obtained 4 (Table II gives the mean value of 
A (wutf), fr0ra A' values calculated at each base concen- 
tration 1 for the indicated range; deviations from the 
mean v£lue are entirely random, showing no trends 
wlthJSo)* 

Tablell also lists corresponding values of A (tntrGt > ob- 
tained from direct measurement using 0,01 internal 



Gurka, fafl f Fluvrkte Nmr of ^Bonded p-P!uort?pftenot 
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Mb H> Agreement between Calculated b Value* from Measurements with Partial Conversion Usine Uio Bxtoraal Reference 
aarf Obs erved A Values at 97-99% Conversion Using 0,01 14 Internal ^FgifrOCH a 



Base 



Dimethyl sulfoxide 0.4M.M 34* d: If 2. 70 =b 0.01 2.74 * 0.02 

2 t ^Dimethyhr-pyxonB 0.904.51 318 db 18 3,07 & 0.05 2.» A 0,02 

K.^DbeUtflneetwnltW 0.414.© 2^0 ± 12 2.83 d= 0,03 2.M db 0.02 

N.N-DImalhylfofmEUDide 0.67-2,05 116 * 3 2,71 db 0,01 2.73 ± 0.02 

I&tMuntaa O.S4-1.92 85,2 dk 1.9 2,67 ± 0.02< 2.66 ± Q~02 

Pyridine 0.65-2,93 7d.2 si; Li . 2.57 ds 0,03 &SJ efc 0-02 



Table m Coatpetfwn of Independently Determined Formation Comtania, JEi, 1 




omplftXCf, <3Ch, 2£0 6 


Buo 


Ir method 


Fnmr method 


CslocimetrlQ method 


Dlnutbyl sulfoxide 

NiNfilBMbyhpotHialda 

4*MvtbaKypyridliio 

N.N-Diraethyiibrmiimide- 

4-MethyIpyridine 

Tdethyttmfne 

Pyridine 

Quinoline 

Cyabhw^none 

2-Btt£nntHifi 
Bthyi wstite 
Diethyl cither 


346 sfa 8 
260 ± 12 
131 tfe 4 

ns db 3 

109 A 5 
85.2 ± 1.? 

76.2 t±s 1,1 

72.3 * 1.0 

20.5 ± 0*7 
17.7 0,3 

15.6 db 0.5 
12.3 db 0,3 


333 £ 7 

242 sfe 6 

139 db 2 

US sis 2 

107 rib 2 
82 i 2 
76 db 1 
71 i 3 
21.4 db 0,3 
18.4 ft O.J 
15,1 4 0,3 
12.0 & 0 2 
9,5 i 0,4 


102 & 7 

74 db 5 

75 £ 5 

IMi 1,0 

17,0 db i.a 
13,0 — 0,7 

10.3 ds 0,3 



^-FCiHiOCHa ns reference and high base concentra- 
tions (0.1-0,7 M) such that the hydrogen-bonded com- 
plex is 97-99% formed (with correction to 100%), 
The substantial agreement shown In Table II between 
corresponding values of A***** and tfi****® for bases 
of a wldo variety of types establishes the validity of the 
internal reference procedure. The result is made rig- 
orous by the fading in the collaborative Ir determina- 
tions 1 that values of Kt are constant (within their pre- 
cision measures) for similar ranges of base concentra- 
tions, Consequently, the agreement between A^ fcrtfi 
and A( ttttrtr > cannot be an accident of coincidental can- 
cellations of F max shielding and Kt medium effects. 

Further confirmation comes from the feet that eq 1 is 
also valid for those weak base* which require: coneeu- 
trationa appreciably greater than G.ti2 M in order to 
achieve 30-80% complex: formation. Using shifts 
based upon 0,01 M Internal i?-FC fl H*OCHi and the in* 
dependency determined K t values from the fr method, 6 
the results for weak base* are found to follow eq I to 
within the combined experimental errors of observed 
and calculated 5 Values, The results given in Table I 
for ethyl acetate ara typical in this regard. 

Final confirmation is shown by the excellent agree- 
ment obtained between the independently determined 
iff values, ta, values baaed upon only F nmr t ir, or cal» 
crime trie determinations* The method employed for 
independent F nmr determination of the Kt value is 
given in the following section. The ir and caloriirtetric 
methods are reported in the companion paper* 0 A 
summary showing the excellent agreement obtained by 
the three methods is given in Table lit 

We conclude that 0.01 M p-FC^OCHj as an in- 
ternal reference in CGU may be used generally with most 
types of bases (up to concentrations of f*0.7 M) to ob- 
tain the F nmr shielding effects for hydrogen bonding 
with 0.01 MjhVCiAiQVL, 

Independent F Nmr Method for Determination of iff. 
The shifts, J, obtained for the range of given base con- 



centrations required to achieve approximately 30-B0% 
complex formation, were analyzed by computer 1 * In 
terms of eq 1 to give best value of the. formation con- 
stant, ICu and the corresponding limiting shift, <L The 
analysis la subject to the Mowing considerations in 
light of the results presented above. The accumulation 
of error in one parameter necessarily leads to error in 
the other parameter in both K t and A), and, in 
general, such errors are not readily apparent in a poorer 
precision of over-all fit of the 3 values to eq L s How 
ever, this difficulty can be largely overcome by the direct 
measurement of A in independent experiments. Com- 
puter analysis of the 3 values wltl^thfl fixed value of A 
gives a beet value of Kt which is relatively preriBe (c/, 
Table Ifl) and the fit of data Is essentially to the experi- 
mental error of individual point b (^0.02 ppm). All 
of the bases employed in this study for which apparently 
satisfactory heat values of A were obtained {$f. following ' 
section) gave such results. 

Evaluation of Best Values of A. Three different 
determinations of A were developed from which a best 
value was selected. First, values referred to as A m 
were obtained from the 5 values for the range 30-B0% 
oomplexbg (relatively low base concentrations) using 
computer analysis of beat fit to eq L If an indepen* 
dently determined Kt value was available from ir 
determination) this value was used as a constraint in the 
computer analysis for results, summarized in Table V. 
btherwhe, the A*" r value Is fhat obtained when tha com- 
puter is free to select best values of both A and K t (as 
employed to obtain the completely independent F nmr 
results given in Table III, or as employed in the absence 
of an ir determination of iff). 

Second, values of A were obtained at 25 D by direct 
measurement at the high base concentration (0,1-0,7 M) 
which gives 97-99% complex formation (corrected to 
100%). Third, a procedure similar to the second was 

(13) &. W. Tuft, G. », KJimemmlth, nndS, Bhnnicm, *A Am, &wu 
Soc n fi7 r 3&0 
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Evaluation of At mV by'Threa Method* 
^Bbs« no. 1 




tie 



3,58 =fc 0,03 
3,40 db 0.09 
3.00 da 0.01 
2,90 sb 0.O4 
3,07 sb 0,04 
2.83 db'0.02 

2.sz tfa o.oi 

2,77 db 0.01 
2.71 db 0.01 
2,71 Q.OI 
2,6a db 0.03 
2.69 db 0.02 
2,71 th D.Q1 
2,<S7 db 0.01 
2,64 sb 0.02 
2.55 db 0.02 
2.53 & 0,01 
2.50 db 0,06 
2.4ff db 0,01 
2.44 rfa 0,01 

2.40 ± 0.03 

2.41 db 0,04 
2.30 db <J.Q3 
2.32 ± 0.05 
2.29 Ma 0.02 

2.21 ± 0.05 

2.22 *fc 0,04 

2.18 db 0.04 
2.12 =b 0.01 
2.14 db 0,02 
2.10 s& D.03 
db 
db 



2,07 
2.00 
2.00 
2.02 
1.91 
1.92 
1.68 



0,03 
0,00 
0.05 
O.OQ 
0.04 
0.03 
0.03 



1,85 sb 0.03 
1,84 rk 0,04 

1.83 eb 0.01 

1.84 tk 0.O2 
1,78 eb 0.05 
2.17 sk 0.2 
1.69 Q.Oti 
1,64 ± 0.04 
1,70 '4 0,04 
1,60 ± 0,02 
1.43 ± 0.4 
1.40 ± 0.05 
1,12 =b 0.10 



AS! 



3.71 sb.0,02 

1.40 bfa 0.02 
5.00 & 0,01 

2.97 & 0,02 

2.98 sb 6,02 
2,91 db -0.01 
2,74'* 0,02 
2,75 * 0 02 

2.72 sb 0,02 

2.74 db 0,02 

2.75 tk 0,02 
2.71 db 0,02 
2,& ± 0,02 
2.67 =b 0.02 
2,65 db 0.02 
1M =b 0.02 
2,51*0,02 

2,51 *± 0,02 
3.45 * 0.02 

2.41 sb 0,02 
2.54 & 0,02 
2.34 * 0,02 
2,37 db 0,02 



2.11 sb 0^02 
2.17 bb 0,02 



1.89 & 0,02 



3 i 34 da 0,02 

3,00 =b 0.02 
2,89 =b 0,02 
2,84 ib 0.02 
2,73 dbr 0,02 
2,fo ± 0.02 

2,66 db 0.02 



2,70 db 0,03! 
2,52 =b 0,02 



2,40 tb 0,02 
2,39 ds 0.02 



2,23 4 0,02 

2.1S sb 0.05 
2, IB sb 0,02 

2,10 * 0.02 



2,03 sb 0.02 
2,02 sb 0,02 
1,97 db 0*02 
2,07 4 0,D2 
L92 * 0.D2 
1,91 A 0.02 
1.88 *"0,Q2 
1,90 tb 0,02 
1,87 tfa 0,03 
LBfif sfa 0,02 

1,87 * 0.02 
1,75 #"0,02 
1H ds 0.02 
1.73 0.G2 

1,63 =b 0,02 
1,42 *b 0.02 
L45 =b 0,02 
1.00 ib oao 



3-71 i*b 
3.5$ £b 
3.37 sb 

3.00 db 
2.96 =±s 
2.9B sb 
2.86 db 
2.77 i 
2,74 db 
2,72 db 
2,71 ± 
2.71 sfe 
2.70 tb 
2.70 ± 
2*$? sb 1 
3,ff* 
2,54 sfe 
2.52 dfc 
2.50 db 
2,49 sb 
2,45 =b 
141 ± 
2,40 sb 
3,40 sb 
2,33 tb 
2,32 sb 
2.29 cfcr 
2,23 ± 
2.22 =±r 

2,lfidb 
2, IS eb 
2.13 sfe 
2.12 =b 
2,10 sb 
2,07 db 
2,02 sb 

2.01 ib 
2,00 tb 
1.99 «b 
1.92 ± 
1.90 db 
l.BB sb 
l.BB * 
1,88 db 
1.85 sfe 
1,84 tb 
1 .83 db 



0.02 

o;o3 

O.OS 
0.02 
O.04 
0.05 
0,04 
0:01 
0,02 
9.02 
0.03 
0,0* 
0.02 
0,02 
0,02 
0.02 
0,04 
0.02 
0.05 
0,03 
0,02 
0,64 

0,03 
0,03 
0,05 
Q.-03 
0„02 
0,04 
0.04 

o;03 

0,03 
0,03 
0,02 
0,03 
0,03 
0.02 
0.03 
0.02 
0.05' 

0:02 

0.02 
0.02 
0,03 
0,02 
0.02 
0.02 
0,05 



0.03 
D.05 



1.71 sb 
1.70 ± O.i 
1.70 db 0,04 
1.62 =b 0;03 
1,43 ds 0,04 
1,45 4 0,04 
1,10 ± 0,10 



* » In parts per million. * Bflfift number 'hftrs to the delation given in IViblft V- 



i&hployed at a temperature of -20° where the equilib- 
rium la shifted in favor of further complex formation. 
-JJle third procedure^ was especially ptofid for base* too 
y eifc to utfltea the seoond procedure at 25 °, J/ " V| 
F'Table IV illustrates the generally good etgreenitmt ob» 
^Ine'd by fiieae methods. Bltitt the potehtlal semfefes of 
^'for A Mtr are quite different than those foif rt0 l 
genertl agreement achieved oilers strong additional 
lup^drt for the eoaoluaions of earlier seotions. Except 
xjf 2,6-dimethyW-pyroue, trhnethyl phosphate, aad 
' itetiyr sulfoxide H^ases numbered $ t 9, 'and 11) there 
pkr to be no algrJfic&nt differences 1 between 
Skn0 ktjd Afifip 11 . Since £S ku * h nibjeoted lb 
,if the base is appreciably' self-associated at the 
lativety Ugh concentrations (several tenths molar) em* 



■ ployed in this method of determination, it la probably 
significant that A!l^? r> to. smaller than A^f lt,, for 
each of these three bases. These three bases are of the 
polar, types wMch tend to show the greatest aelf^mso* 
c&tton; and abch self-tfawolati'on should be greater at 
t,20 than 23 d , Competition mt^'hswogen bonding 
would thereby reduce thc r apparent mm of A, Values 
of A^t for these three bases were thereForttakeii from 
the resulfe'at 25 ft only, For another Wa, values^ of 
Ab«fc were selected either b^ averaging, or, if precision 
measures were subs tfatlally different/' by weighting in 
favor of the more precise individual values, ' 
t It is also significant that self-association of a base 
would be expected to cause deviations from the equilib- 
rium expression, eq 1. Consequently, the fits of the 
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TabU V. Summary of Formats CoAStuti and Lidttog Shift* for HMWfrBooM Corcpfes Formate 
with iJ-KJ^OH, CCl tj 25 q 
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No, 



Bast) 



A,ppm 



i 
2 
3 
4 
S 
6 
7 
8 
9 

10 

U 

12 

u 

IS 
16 
17 
18 
1? 
20 

zt 

21 
23 
2* 
25 
26 
27 
28 
29 
3D 
31 
32 
33 
34 
35 
35 
W 
35 
3? 
40 
41 
42 
43 
44 
43 
« 
47 
4B 
49 
50 
« 

33 

54 
55 



Hifixaraekbylpliosphorattilde 

TotrRmettiylurea 

^N-Dimethylbentamtdo 

2,6-DbnethyHr-pyronB 

4-MctbOKypyrIdine 
Trimflthyl pho&pbate 
N.N-Dtmfithylforffl&mlde 
Dimaihvi sulfpxida 

D2phenyi sulfbxldfl 
Phenyl methyl flulfoxtde 
Tnothylamlno 

K.K-Bimatnyl-rt-pfapylamln* 

Z-^ButylpyrldUto 

!Vi-rt-butyliimIn& i 

Pyridine 

Ftavoiw 

Qukclim 

K^imatbylbenxytomfcw 
^Nttwphcoiyl methyl wlfbrfde* 
Cydopfopylaminft* 
N,N*Dtro«thyl {MiltrobPMamirfo 

^•DImBihyJ*mlnabaflzonitrilB T 
Ffopargylamlne 
Acctylfcrrocsaa 
CydofiBumanQ ■ 

^Sromopyildliw* 

2*Butanoae 

DI-Mmtyl tther 

TdjahydrolUw 

3-33e«?niDpyfIdfo& 

Afwtaphanofifl 

^Mtttntstybftdnldthydft 

DJothyl cthtr 
0-Qjaaoet3iyl elbyt othet 
Ethyl acs&sta 
Pyrimidlntf 

NtN-DlmMhyiitttlinff 

BenzRldebyde 
Dibenzyi ether* 
S^Ichlatopyrldla* 
|S f |5,jS-TrIfiuoroctbyl«rnl5w» 
Dlox»no 
Diethyl aulfide 



3.71 4 O.03 
3,58 £ O.03 
3.37 4 0*05 
3,00 4 0.02 
2,96 4 0,04 
2,98 * 0,05 . 
2.86 4 0.04 
2,77 4 0,03 
2,74 4 0*02 

2.72 4 0,02 
2,71 4 0.03 
2,71 4 0.04 
2,70 4 0,02 
2,70 4 0,02 
2.67 4 0.02 
2,60 4 0,02 
2,54 4 0,04 

2.32 4 0,02 
2.50 4 0,06 
2,49 4 0,03 
2,45 4 0,02 
2,41 4 0,04 
2,40 4 O.03 
2,40 4 0.03 

2.33 0,05 
2.32 db, 0.03 
2,29 * 0.02 * 
2,23 4 0.04 
2,22 4 0,04 
2,16 4 0.05 
2,16 4 0,03 
2,15 £ 0,03 
2.12 ± 0,02 
2,10 4 0.03 
2,07 4 0,03 
2,02 4 0,02 
2.01 4 0,03 
2,00 * 0^02 
1.99 sis 0*05 
1,92 ± 0 02 
L90 db 0,02 
1,6ft 4 0,02 
UB 4 0,03 
3, 88 4 0.03 
1.S5 tb 0.02 
IM 4 0-02 
1.33 sh 0,05 

1.71 * 0,03 
1,70 4 0,05 
U70 4 0,04 
1,62 4 0.03 
1,45 ± 0,04 
1.45 4 0,04 
1.10 4 O.W 



3600 

14S6 db SO 



90 
5 

16 
ia 
d 

2 



$50 4 
251 4 
167 4 
318 db 

m ± 

m ± .... 
250 ± a 

115 ± 2 
33fl ± i 

HB ± 2 
107 4 2 
105 ± 2 
141 tb 4 
85 4 2 
95 4 1 
76 db 2 
37 ds 
% ± 



46 ds 
71 4 
56 4 
38 db 
36 di 
44 ds 
48 fib 
17 ± 
24 4 
30 db 



444 i 

21.4 4 0,5 
25 4 1 

O 4 0.5 
W.I db 0,3 

5.1 4 0,4 
18 4 4 0.5 

18.1 dr 1.2 

13.( 4 0.3 
xa.tf d= 0,2 

11.2 4 0.6 

9.5 A 0,2 
11.2 4 O.Jf 
12,0 db 0,2 

22.5 ± 0-5 
9.8 da 0,4 

2.7 =b 0,2 
■ tf.l 4 0,tf 

6.8 ds 0,2 
5.3 tb 0,2 

5.6 ds 0,2 

3.9 4 0,1 
10.2 db 0,6 

1.3 ds 0,2 



0,01 
0.01 

o,os 

0,01 
0.01 
0.01 
0.03 



3„56 db 0,05 
3,16 4 0,0$ 
2.81 ± 0,OGf 
2,42 4 0,01 
2.22 4 0,04 
2.50 'db 0,03 
2.38 4 0,01 

2.14 4 0,01 
2,40 4 0,01 
2,0$ 4 0.01 
2,53 4 0,01 
2.07 4 0,01 
2,03 4 
2,03 ± 

2.15 4 
1.93 4 

1.98 4 
l.BB 4 

1.57 4 
1,BB 4 0.01 

1.99 4 0.03 
1.60 4 0.04 
UBS 4 0.02 
1,75 4 Q.01 

1. 58 4 0.03 
1.58 4 0,05 
1.64 4 0,02 
L62 4 0,03 
1.23 4 0.03 
1.38 4 0.05 
1.48 4 0,02 
1,64 4 0.01 
1.33 4 0 01 
1,40 4 0,02 
0,94 4 0,03 
LIB 4 0,01 
0-71 4 0,03 
1,26 4 0,02 
1,26 4 0.03 
1,13 4 0,01 
1 ,10 tk 0.01 
1,05 4 0,02 
0,98 4 0,01 
1.05 4 0,02 
1,03 =b 0,01 
1.05 4 0.Q2- 
0.99 4 0,02 
0,43 dh. 0,03 
0,79 ± 0.04 
0,83 4 O.01 
0,72 ± 0,02 
0,73 4 0.01 
0.59 4 0.01 
0.71 4 0.02* 
0,11 4 0,07 



-WithsUUflltealcDrreetiort. ■ tfcoraraante la ExperfcnMital Section, -Values of AT* ar« taw* only upon. 



n stag& iefwirsation of t&a A 



present data to 1 provldo no ftvidence of appreciable 
adf*as«ociatioa in CCU of tho bases of TaWei IV and V 
At the cono&ntratioii Iflvolfl employed to give 30-80% 
complex formation vrith 0,01 AT/y-FC^HiOH. 

Tho results for N,N-dImethylBnUine (<?/* Table IV) 
are exceptionfll^ as were those obtained with n^butyl- 
amine* For the latter, eq I is well fitted by the best 
parameters: Afi! - 2,56 4 0,03, ^ = 129 4 6, 
However, values of AB* 1-0 - 2.74 4 0.02 and 
AUj^f 0 - 3.01 4 0.02 were obtained. These re- 
auto fom&iii anomalous, although there ia evidence that 
NpN-dimethylanlline has two acceptor Bites, 1 *, which 

(14) L, L t Fentandii! ftirahitton Ltttm J235 (1963). 



might explain iti behavior, la the case of fi*butyl- 
amine, alternate possibilities -iaolude higher order com* 
ploxing at high base concentrations (involving N-H 
proton donation), or absorption of atmosphedo carbon 
dioidde (which was not rigorously excluded), Our re- 
suits with, amines In general need to be confirmed by ir 
studies* We do not believe that our results are seriously 
affected by reaction between strongly basic amines and 
CC1< for the Mowing reasons s (a) no precipitates were 
observed during the time required for the F nmr mea- 
surements (although these do form on longer standing)* 
(b) the F nror shifts ore reproducible for up to 5 hr after 
preparation of the solutions and these shifts obey eq h 
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Mb VXt Formation Const ants at - 7JP and Bath&Ipfcs for Hyfrogefrjaoatfea; Complex Formation with ^FC»HtQH* 



S-Brc-mopyridfoa 

TstrafcydrDftiran 

2-BuUnDRB 

Bihyl Acetate 

Dtaxane 

Dibflnzyl ether 

N,N*Dlmethylflniltoe 





iy f it* 


— Mf 1 


. -4V» 


-w 


307 =h 7 


W.l 




5,2 *=b 


0,2 






103 =fe 8 


18,4 


5.7 




(M 


5,8 * 


0,1 


64 sfcr 6 


15.1 


4,8 






5,2 db 


OA 


49 & 2 


12,0 


4,7 






4*7 ± 


0,1 


40 ± 3 


10,2 


4,6 






5-1 =b 


a j 


22,0 0,5 


, 5.3 


4,7 , 






4^ da 


0,3 


9,8 ± QJ 


2.7 


* 4,2 


4.0 ± 


0,4 


4,0 4a 


0,1 



'•In Cd^; manned ia kHaralorfa/caofe. *From vaa't Hoff aquitloa for JT f At 
-' * ' 1 •- value at 25*; <tf rcf & ' Obtained by pure base mathod; mT& 



MoMorhastrte * 



-20 and 35'; tttimafod uncertainty, sbO,3 kctL 



Table V summarizes the beat values of the formation 
J^bttfitants, g u for hydrogen-bonding complex forma* 
,^6n of ^-FCjH^OH With 55 different base3 in CCl< bo- 
f{iittoa at 25 p . Also given are corresponding best values 
Tf A, the limiting F nmr shift la parts per million (ppm) 
Mwsa coropbxed and uncomplexcd ^FC B H,OH, 
JJfTabto VI summarizes the best values of #f obtained 
'with eight bases in CCI< at -20°, together with values 
?ipf the van't HpfT enthalpy of complex formation (based 
iipon Ki values at —20 and 25 B ), *-&H* h and oarre- 
^ponding calorimetrlo values of -^Ai^r (25*) obtained 
% the collaborative study** Values of Kt at -20* are 
-;based upon concentrations corrected for the density 

Change of CCU between 25 and -2Q fl . 

i 

k The molecular composition of the hydrogen-bonded 
jtfomplexej of^FCfiliiOH under the conditions of the 
fjjjewjjt. inveWgation 3s shown rigorously to he "1 si, 
ijie fits of d values 'to.the equilibrium expression t are 
feudally within the 'experimental errors of the Individ- 

S' H ttiew^toients Tor atoitfeal Won 'of 30 to 80% 
^BmplexTorm^tion^'Simpar fits of the b and; oaldri- 
: $jetnc ' 3 data to" corrd^oii^g'^^librium. expressions 
V III oofrjpfof formation : Have' also tfpea found, * * 
especially noteworthy 'that the enthalpy of coiriplex 
formahon, Aift^'has'neVty UieWmc v4u» in CCU at 
fijfit diiution as m the jpurS tfafoe a&" solvent. *>* ' TTbifi re« 
lultprb^w '^ the lil mo^ 

ular composition does' not change with dramatic; in* 
Ideates in'theb ase t^'acMI ratio, ' 1 j' 

['Comparison of the valuta of the formation constant, 
gj, determined independently by the three methods 
.SjThfilo SI) shows th'at there ; are no aeriou^deviatfons, 
I'Mreement frequently being within the combined iincer- 
iiaikty limits. r In vlew'oftKe appreciable variety of base 
\mt$ for which this result has been obtained, the F nto 
'ethod developed herein may, be accepted as^ a gen- 
ally 'vrfeful and precise njethod for the determination 
^fdfmatbncoMa'nts. * 
8J The" result given 1 In Tabic VI provide a further indi- 
j^ttoh of the high, degree of internal* consistency in the 
Results obtained by tha three methods' of Investigation 
Ijsniploycd id our collaborative efforts, There is gen- 
Orally satisfac'tdry agreement between the values "of the 
^nthalples of complex 'formation; -Aflj*, obtained by 
he'vto't Hoff % t ^on f from Kt values at -20 and 2$? 
, ijid the direct 'calorimetrlti measurements at 25 °. Cal- 
fBrimetrlo measurements of-A^ over a smaller tern- 
Ijerature interval (12, 25, and 34 6 ) show no measurable 
"femperature dependence (/,*., AC^ for complex forma* 
ion is indicated to be small), fi 



The formation conBtantB; %1 ff/ # suirunariied in Table V 
are not of uniform quality,' Values of Kt which a*e 
based upon a single determination of the A value (c/. 
Table IV) and which have not J>wn confirmed by an 
independent method should 1 be regarded as having po- 
tential uncertainty beyond their indicated precision 
measures (qf> footnote c of Table V)* 

Regarding the Linear SEE Relationship* This rcla* 
tlonship involves a linear correlation of the F nmr ahift 
between product and reactant states for a series of 
closely related chemical reactions with the corre- 
sponding thermodynamic standard free energy or en- 
thalpy change,* It has, been observed in several chem- 
ical reactions quite different In character from the pres- 
ent one, In'partictilar,' far /rcactkma Involving strong 
father than 'weak bond formation 1 . In the systems 
studied previously the relationship has* been found to 
hold over significant ranges of shifts and thermodynamic 
prepares, and the latter have been taken to provide a 
reasonably quantitative- estimation of the potential or 
electronic energy qhangc for the reactions. 4 
; Figure I plots the log %t v$< A Yalues for 48 bases of 
Table V. The number glvten in Figure 1 refers ,to the 
base as designated in Table V. An approximate linear 
relationship of useful precision (the standard deviation 
of log K values in p.Q9 ytth a root mean square of 1*76) 
to obeyed, The correlation covers csygen, nitrogen, 
and sulfur basai of a wide variety of types with appar* 
ently equal precision* Seven bases from Table V show 
deviations greater than three times the SD of Figure 1 
and have been excluded: (5) HN-dlntotbylbBownude, 
(il) dimethyl sulfoxide, (19) tri-tt-butylanrine, (29) tri« 
aHylamino, (35) 2-bromopyridine, (37) di-f-butyl ether, 
and(4B) N,N«dImethylanilbe, The anomalous behavior 
of the last amine is discussed in the Experimental Section . 

£ases 19, 29, 35, and 37 quite 'plainly have the 
common structural feature* of very high steric require- 
ments. It is also probably significant that the addi» 
tional bases of large steric requirements show smaller 
deviations in the same direction^ triethylamlne, 16; 
diethyl ether, 43; dibanasjrl ether, 51, The linear cor- 
relation of Figure I mus.t He limited, therefore, to bases 
of small or moderate steric requirements, Deviations 
for the bases of large steric requirements are all in the 
direction indicating the F nmr shift has a much smaller 
dependence upon stertc requirements than does the 
standard free energy change of complex formation, A 
similar result has been observed by DrVA* A, Oroy in the 
formation of Lewis acid-base adduefcs with jHSuoro* 
phenylboron dichloride," The significance . of these 
findings is currently under further study. 
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Fiffurm *, Llowsr SBB rritttenuMp fof byrfsogDn-bcttdtf wmploX 
formation with ^FCtffcOH, CCI*, 25°. Numbers rafer to buses 
ajtoignat&dlaTftbbV. 

The deviations of bases J and U are anomalous and 
no satisfactory explanation t>an be given presently* In 
the case of dimethyl sulfoxide the smaller than expected 
A value might be interpreted as reacting soma O-S 
interaction in the hydrogan*bonded complex, i,e, 

S N° B ' 

However, this possibility la not supported by the be- 
havior of both phenyl methyl sulfoxide and diphenyl 
sulfoxide which are essentially "normal" in Figure 1. 
In Tabte VII are presented some additional beat 



Tab!* VU* Value* of A and Estimated Log W* fcr 
Some Addttioriflii Bases 











No. 


Base 


At ppm 


(cat) 


56 




4J0* 


/s/4,0 


57 


Tetnusiethylguanidlne 






58 


N»Mefoylpyrroiidon& 


2.91 




59 


Tctmmethylttue sulfoxide 


2.80 




SO 


p^Dlmctbytesmobfiazaidsiiydti 


2.30 


1.50 


61 


NiK-DimsUsyltdfltioroawtiimTdo 


1,97 


1.19 



* Unpubliahod result of Dr. Jon Lipowits. 

values of A obtained by either the second or third pro- 
cedure (tf. Experimental Section)™ Using the correla- 
tion of Figure 1, estimated values of log K t m for theao 
bases have been obtained and are also Hated in Table 

m 

The generally successful correlation of Figure 1 has 
mteresting and significant implications with respect to 
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Figure 1 CptEparfow ofbww strength** aqueoui K* w« /*FCV 
HtOK. 



the standard &ee energy change of hydrogen*bondcd 
complex formation A<V, First, by the bmo hyooth* 
eflis of the SEE relationship,* the correlation of Figure 
I implies that AC^° is approximately proportional to the 
potential energy change of formation of the hydrogen- 
bonded complex. It is particularly significant that the 
correlation includes bases with substantia! variations in 
the entropies of complex formation, 8 Thus, it is sug- 
gested that the kinetic energy terms (-jRTln irQ) in- 
eluded in A(?r c are of the special kind which, at least ap- 
proximately, tend to parallel corresponding potential en- 
ergy changes 18 It is to be noted that the proportion* 
ality constant between the standard free and potcatiai 
energies h implied to be temperature dependent by the 
sloped of log K t ». A (1.71 kcal/ppm at 25° and 1.92 
keal/ppni at -2Q fl )« Secondly, sicice the F nxnr shift, A, 
has been postulated to be a measure of the "apparent 
per cant proton transfer" (££100 A/14) in the hydrogen- 
bonded complex, 4 the correlation of Figure 1 indicates 
that A<7( 0 must also be an approximate "measure" of the 
extent of proton transfer in the complex. 

The present F nmr study has provided additional new 
evidence defining the character of the hydrogen-bonded 
complexes of p-FCJEJiOH. It is indeed conceivable in 
terms of previous concepts and discussions of hydrogen 
bonding** that the observed values of A may pertain to a 
complex mixture of very rapidly iuterconverting states 
having appreciably different energy contents and extents 
of proton transfer the hydrogen-bonded complex, 
; the hydrogen-bonded ion pair, and perhaps other states)* 
We believe this possibility is excluded by the present 
finding that the F nmr shift, A, is the same at -20 as 

£tQ R> W. Tift in M. S< NeNuroW "Steele Bffifttt [n Orfli&h Chem- 
istry/' JTchjJt Wiley & Son* In*,, New York, N- Y„ IN6 P 3©. , 

(h) flfi, for wwipit, & Scott, B. DePalma, and S. Vlno*radc¥, 
/, Myi, Chm* 7Z, 3192 £1968)* tad wfawcfli therein. 



Journal oftht American ChmkatSockty / 91 ill / August lS t 1969 



200?$ 4fl 8Bi nifomnnVffllftMtm) 

I- 

v/ 

K' Preliminary studies 18 Id the polar solvent ClCHr 
itt'at 25 9 with bases JO, 11, 16, 20, 4S, and 57 
,J0V and VII) indicate that & values are 10 to 20% 

PTj&an corresponding values' in CCU, except for tri- 
gbtdoo which is 10% larger, Thus, with the pes- 
ible exception of the latter, there, la no F qmr evidence 
Ion appreciable enhancement hi ariy hydrogen«bqnded 
V 'pairs, ^ If the Latter were present to a measurable ex- 
$t in QCU, ihia form should be further ifloreased In the 
'Star CICHjCHtCl solvent, ' ■ * - 

£We therefore conclude thaHn CCU p-FCiHiQH 
cfoSifl only the hydrogen'bonded complex with all of the 
sic? of Table V. Our results are consistent with these 
irogen-bonded complexes having a gather welMe- 
' ed and a relatively low Extent (up to ^30%) of ap- 
ftfent proton transfer,' 

K ti aooord with the conclusion that there is a small ex- 
oit" of proton transfer in these hydrogen-bonded 00m* 

fences the fact thMffyefb is no simple correspondence 

■ * a • * * ,1 * ... * 

ynjnibltad r«ulta, of Mr. Jojiph M&ty* 
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between base strength as measured by. the standard free 
energy of hydrogori-bonded oomple* formation of,p- 
FC»H<OH in CCU and corresponding aqueous 
values of base, ' Figure' 2 shows the complete scatter 
pattern which results from a plot of $K A X * us. log K t H * 
values for bases haying a variety of common functional 
groups. This subject is considered in detail in' paper V 
of this series* 
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Abstract; linear free energy relationship* have been established in the formation of ftydrogen-tfanded complexes 
Of various Olf inference acids with # #ida variety of proton acceptors, The effects of temperature, solvent, 
ind su^tituenta have been examined. A unique base parameter, pXb, has been defined which measures the 
relative etretffcth of the acceptor in hydrogen-bonded' complex formation wifh'any suitable Dereference add, 
pflb values do' not correlate with aquoenjs pit* vnluas, except wltbin «SHe* having a common functional center 
and varkblrf electronic effecfe of Bubstltueiitei ' pKm values also sre not applicable to reference acids involving 
Internet hydros bondina and are presumably not hpp&abfo to systems in which there Is substantial formation, 
of the hydrogen-bonded ion pair (in mobile equilibrium with the hydrogen-bonded complex). Evidence is pre- 
ien£ed that the pXka 'scale Is Applicable (at least qualitatively) to other relatively weak Interaction betweea bases 
&nd a "shtelded" center of positive Charlie, , The highly dispersed family relationships botwwm pl&oa and cor* 
responding pKk values are Indicated to be useful Indfatlnguishlng the atomic center of GQwIenwrnpObdhnetJons! 



^he effect of moleoular structure on the strength of 
^ ^the hydrogen bond is a subject of, diverse, inter- 
-jpjM* xhese include, for example, . the structure ,and 
Activity of proteins and many other, natural products, 
olvatiqn effects in many chemical reactions and in 
pectroseopfc measurementSi and transition-state char- 
;■ teristios in proton*transfor processes, 
"/There have been indecent years - several extensive 
tidies 4 o£ the effects of structure on base strengths 



1 Tliic worfc wn tiipported in put by the Public Health Btakth 
Jwti QMM078 (Irvtnts), AlWlCG fPrinoet&n), 

f r Freemtn and Co., San Fr«ioJico r Ctltf,, I960, 
33 (a) D» Kadd t M HydrDicn Bonding/' Fflrgfttium f ran, New York, 
4 Yo ; (b) W, C« Hamilton and J, A. leerij "Hydrog&n Bonding In 
jltdj/ 1 W, A» Biftjamln, tm, t New Yorlc, ^, Y., i?fiB» 
0) W 0. Aksntt* and T. Oramntftd t ^t?w Cktm< Seahd. t 14, 1475 



toward a common reference aold, aa measured by the 
formation constant, K u for' the 1:,1 hydrogen-bonded 
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